INTRODUCTION
============

Renal cell carcinoma (RCC) accounts for 3% to 6% of all adult malignancies and 85% of malignant kidney tumors ([@B1]). Similar to other tumor entities, RCC presents with significant clinical heterogeneity and ranges from indolent to highly aggressive ([@B2]). The identification of accurate predictors of clinical outcome is imperative to determine individualized follow-up strategies and to facilitate counseling regarding adjuvant therapy. Many clinical and histological factors, including TNM stage, nuclear grade, histological type, and performance status, have prognostic implications for RCC ([@B3][@B4][@B5]).

Younger age is a significant prognostic factor for survival in numerous malignancies, such as breast cancer, thyroid carcinoma, and cervical and ovarian carcinoma ([@B6][@B7][@B8][@B9][@B10][@B11]). The role of age at diagnosis in the prognosis of RCC has been researched extensively; however, the prognostic significance of age in RCC is a subject of debate and remains to be clarified. Previous studies reported contradictory findings on the role of age as a prognostic factor in patients with RCC. One study reported that young RCC patients had unfavorable histologic features and better survival, whereas other studies reported that younger patients had a favorable histological subtype and pathological features, and better survival than older patients ([@B12][@B13][@B14][@B15]). Several studies failed to detect a significant association between age and prognostic features ([@B16][@B17][@B18]). In addition, the small number of patients with early onset RCC is a limitation of most previous studies ([@B19]). RCC develops predominantly in the sixth decade of life and is rare among young adults, which account for 3%--5% of all RCC cases. Current evidence of the prognostic impact of age in RCC is drawn from approximately 1,500--2,000 patients reported in the literature; therefore, further data are needed.

The aim of the present multi-institutional study was to assess the influence of age on the pathological features of RCC and to determine whether age is an independent prognostic factor for survival in a large cohort of patients with RCC, including 541 cases of early onset RCC.

MATERIALS AND METHODS
=====================

Study population
----------------

Approval for the study was obtained from the relevant institutional review boards of the eight participating centers. A database of 7,047 patients with RCC who were treated surgically between 1999 and 2011 at eight academic centers was reviewed. The database listed patient clinicopathologic characteristics including age at diagnosis, gender, body mass index (BMI), comorbidities (diabetes and hypertension), Eastern Cooperative Oncology Group (ECOG) performance status, surgical approach (open vs. laparoscopic), clinical tumor characteristics (tumor location, cTNM stage), tumor pathology (histologic tumor size, pTN stage, Fuhrman nuclear grade, histologic subtype, lymphovascular invasion, and surgical margin status), disease recurrence and site of recurrence (local or metastatic), and information on deaths and their causes ([@B20]). Patients with an incomplete data set (n = 1,457) and those with non-RCC pathology or pediatric RCC patients (younger than 18 years) (n = 412) were excluded; the final study group comprised 5,178 patients.

Protocols for surgery and pathologic evaluation
-----------------------------------------------

The surgical procedures performed included pure laparoscopic, hand-assisted laparoscopic, robot-assisted, and open approaches. Surgical modality and approach were decided by each surgeon according to the individual clinical situation. All surgeries were performed by skilled surgeons using standard methods. Surgical techniques varied widely and were heterogeneous because eight academic centers were included in the retrospective review. All surgical specimens were processed according to the standard pathologic procedures at each institution. Pathological staging was performed based on the 7th edition of the American Joint Committee on Cancer classification system, and histological differentiation was graded according to the Fuhrman nuclear grading system ([@B21][@B22]).

Follow-up protocol
------------------

After surgery, each patient was monitored according to standard guidelines([@B3][@B4]). In general, patients were followed-up every 3--6 months. Follow-up consisted of history, physical examination, routine blood and serum chemistry lab work, chest radiography, and abdominal computed tomography (CT). Elective bone scan or magnetic resonance imaging or positron emission tomography-CT was performed when clinically indicated. Recurrence was defined as local relapse, lymph node metastasis, and distant metastasis.

Statistical analysis
--------------------

Patients were categorized into three groups according to age at diagnosis as follows: a young age group (\< 40 years, n = 541), a middle-age group (≥ 40 and \< 60 years, n = 2,551), and an old age group (≥ 60 years, n = 2,096). Clinical and pathological features were compared between the age groups using the χ^2^ test for categorical variables and ANOVA with Bonferroni's post-hoc test for continuous variables. Kaplan-Meier analyses with log rank tests were then used to compare survival rates between the different groups. A Cox proportional hazards model was used to assess the independent prognostic value of age and to determine the hazard ratios of patients according to age category. Differences were considered significant at *P* \< 0.05, and all reported *P* values are two-sided. Analyses were performed using SPSS 20.0 software (IBM Corp., Armonk, NY, USA).

Ethics statement
----------------

The study was carried out in agreement with the applicable laws and regulations, good clinical practices, and ethical principles as described in the Declaration of Helsinki. The institutional review board of Chungbuk National University approved this study protocol (approval number: GR2014-12-009). Informed consent was waived by the board.

RESULTS
=======

Comparison of clinical, operative, and pathologic variables according to age at diagnosis
-----------------------------------------------------------------------------------------

[Table 1](#T1){ref-type="table"} lists the demographic and clinical features of patients in the different age categories. Tobacco exposure was more common in the young age group than in the other groups (*P* \< 0.001). The male to female ratio was lower in the old age group than in the young and middle-age groups (*P* = 0.010). The prevalence of diabetes or hypertension increased significantly with age, and a better performance status was observed in the young and middle-age groups (*P* \< 0.001, each). Incidental tumor detection was more common in the middle-age group than in the young and old age groups (79.3% vs. 76.1% and 75.4%, respectively, *P* = 0.007). Nephron sparing surgery was more frequent in the young and middle-age groups with more imperative indication than in the old age group (*P* \< 0.001, *P* = 0.049, respectively).

###### Baseline characteristics of the study cohort according to age in patients with surgically-treated renal cell carcinoma

![](jkms-31-1976-i001)

  Variables                Age categories, yr   *P* value                     
  ------------------------ -------------------- -------------- -------------- -------------
  Patients, No.            541                  2,551          2,086          
  Mean age ± SD, yr        33.9 ± 4.9           50.6 ± 5.5     68.2 ± 5.8     
  Mean BMI ± SD, kg/m^2^   24.4 ± 3.8           24.6 ± 3.2     24.3 ± 3.4     0.008^\*^
  Sex, No. (%)                                                                0.010^†^
   Male                    393 (72.6)           1,860 (72.9)   1,439 (69.0)   
   Female                  148 (27.4)           691 (27.1)     647 (31.0)     
  Smoking, No. (%)                                                            \< 0.001^†^
   Current                 139 (31.1)           488 (23.9)     234 (13.6)     
   Ex-smoker               34 (7.6)             267 (13.1)     240 (13.9)     
   Never smoker            274 (61.3)           1,285 (63.0)   1,249 (72.5)   
   Not available           94                   511            363            
  DM, No. (%)                                                                 \< 0.001^†^
   Yes                     21 (3.9)             295 (11.6)     467 (22.4)     
   No                      520 (96.1)           2,256 (88.4)   1,619 (77.6)   
  HTN, No. (%)                                                                \< 0.001^†^
   Yes                     43 (7.9)             793 (31.1)     1,188 (57.0)   
   No                      498 (43.0)           1,758 (68.9)   898 (43.0)     
  ECOG PS scale                                                               \< 0.001^†^
   0--1                    399 (92.4)           1,881 (88.7)   1,403 (79.4)   
   2                       32 (7.4)             219 (10.3)     305 (17.3)     
   ≥ 3                     1 (0.2)              20 (0.9)       60 (3.4)       
   Not available           109                  431            318            
  Symptoms at diagnosis                                                       0.007^†^
   Symptomatic             127 (23.9)           521 (20.7)     503 (24.6)     
   Incidental              404 (76.1)           1,990 (79.3)   1,544 (75.4)   
   Not available           10                   40             39             

SD = standard deviation, BMI = body mass index, DM = diabetes mellitus, HTN = hypertension, ECOG PS = Eastern Cooperative Oncology Group Performance Status.

*P* values were obtained from the ^\*^AVOVA test and; ^†^χ^2^ test.

Regarding pathologic features, the young age group had tumors of lower stage and nuclear grade, and had a lower proportion of lymphovascular invasion than the other age groups (*P* \< 0.001, *P* = 0.003, and *P* = 0.031, respectively). Additionally, there were significant differences in histologic type according to age (*P* \< 0.001). The young age group had a lower incidence of clear cell RCC and a greater incidence of Xp11.2 translocation RCC than the other age groups. The proportions of other histologic subtypes were similar between the three groups (*P* \< 0.001). However, no differences in operative methods, tumor laterality, mean tumor size, or positive surgical margin rate were observed between the groups ([Table 2](#T2){ref-type="table"}).

###### Comparison of operative and pathological variables between age groups in patients with surgically-treated renal cell carcinoma
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  Variables                      Age categories, yr   *P* value                     
  ------------------------------ -------------------- -------------- -------------- -------------
  Patients, No.                  541                  2,551          2,086          
  Operative methods, No. (%)                                                        \< 0.001^†^
   RN                            277 (51.2)           1,452 (56.9)   1,345 (64.5)   
   PN                            264 (48.8)           1,089 (42.7)   731 (35.0)     
   Radical conversion            0 (0.0)              10 (0.4)       10 (0.5)       
  PN indication                                                                     0.049^†^
   Imperative                    24 (9.1)             109 (10.0)     49 (6.7)       
   Elective                      240 (90.9)           980 (90.0)     682 (93.3)     
  Operative technique, No. (%)                                                      0.084^†^
   Open                          237 (45.4)           1,107 (45.5)   971 (48.7)     
   Laparoscopic                  285 (54.6)           1,328 (54.5)   1,024 (51.3)   
   Not available                 19                   116            91             
  Tumor laterality                                                                  0.142^†^
   Rt.                           257 (50.9)           1,190 (50.4)   974 (49.0)     
   Lt.                           247 (48.9)           1,148 (48.6)   1,003 (50.5)   
   Both                          1 (0.1)              22 (0.9)       9 (0.5)        
   Not available                 36                   191            100            
  Histology, No. (%)                                                                \< 0.001^†^
   Clear cell                    445 (82.3)           2,180 (85.5)   1,781 (85.4)   
   Papillary                     34 (6.3)             140 (5.5)      151 (7.2)      
   Chromophobe                   38 (7.0)             180 (7.1)      106 (5.1)      
   Bellini                       2 (0.4)              9 (0.4)        8 (0.4)        
   Sarcomatoid                   0 (0.0)              3 (0.1)        4 (0.2)        
   Xp11.2 translocation          11 (2.0)             4 (0.2)        5 (0.2)        
   Multilocular cystic           4 (0.7)              9 (0.4)        10 (0.5)       
   Nonclassified                 7 (1.3)              26 (1.0))      21 (1.0)       
  Tumor size ± SD, mm            41.5 ± 31.5          44.5 ± 31.7    45.7 ± 32.7    0.093^\*^
  TNM stage, No. (%)                                                                \< 0.001^†^
   pT1                           443 (81.9)           1,960 (76.8)   1,522 (73.0)   
   pT2                           41 (7.6)             211 (8.3)      157 (7.5)      
   pT3--4                        38 (7.0)             305 (12.0)     354 (17.0)     
   Any pT, ≥ pN1, or cM1         19 (3.5)             75 (2.9)       53 (2.5)       
  Fuhrman grade, No. (%)                                                            0.003^†^
   1--2                          328 (60.6)           1,406 (55.1)   1,095 (52.5)   
   3--4                          213 (39.4)           1,145 (44.9)   991 (47.5)     
   Not available                 93 (13.8)            588 (12.4)     107 (11.3)     
  LVI, No. (%)                                                                      0.031^†^
   Present                       16 (3.1)             130 (5.4)      119 (6.0)      
   None                          501 (96.9)           2,275 (94.6)   1,851 (94.0)   
   Not available                 24                   146            116            

RN = radical nephrectomy, PN = partial nephrectomy, SD = standard deviation, LVI = lymphovascular invasion.

*P* values were obtained from the ^\*^AVOVA test and; ^†^χ^2^ test.

Survival analysis according to age at diagnosis
-----------------------------------------------

A total of 4,588 patients (88.6%) who were followed for ≥ 3 months (median: 37.0 months, range: 3--225 months) were included in the survival analyses. Evaluation of the influence of age at diagnosis on recurrence-free survival (RFS) or cancer-specific survival (CSS) in the young, middle, and old age groups showed 5-year RFS rates of 93.4%, 92.3%, and 91.8%, respectively, with no significant differences according to age (*P* = 0.279; [Fig. 1A](#F1){ref-type="fig"}), and 5-year CSS rates of 94.2%, 92.9%, and 90.2%, respectively. Kaplan-Meier analysis showed that the CSS was longer in the young age group than in the other age groups (*P* = 0.008; [Fig. 1B](#F1){ref-type="fig"}).

![Kaplan-Meier survival curves. (**A**) Recurrence-free survival, (**B**) Cancer-specific survival according to age categories in patients with surgically-treated renal cell carcinoma.](jkms-31-1976-g001){#F1}

A multivariate Cox regression analysis was performed by including significant factors from the univariate analysis, which showed that the presence of diabetes, preoperative BMI, TNM stage, Fuhrman grade, lymphovascular invasion, and chromophobe tumor histology were independent predictors of CSS. However, age at diagnosis was not an independent predictor of CSS as a categorical variable ([Table 3](#T3){ref-type="table"}) or a continuous variable (data not shown) on multivariate analysis.

###### Univariate and multivariate Cox regression models for the prediction of cancer-specific mortality in patients with surgically-treated renal cell carcinoma
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  Variables                 Univariate analysis       Multivariate analysis                           
  ------------------------- ------------------------- ----------------------- ----------------------- ----------
  Age categories, yr                                                                                  
   \< 40                    1                         \-                      1                       \-
   40--59                   1.512 (0.923--2.479)      0.101                   0.800 (0.382--1.675)    0.554
   ≥ 60                     1.986 (1.210--3.262)      0.007                   0.902 (0.421--1.934)    0.791
  Gender (female)           0.749 (0.565--0.993)      0.044                   0.735 (0.455--1.187)    0.208
  HTN (yes)                 1.389 (1.087--1.775)      0.009                   1.221 (0.806--1.849)    0.347
  DM (yes)                  2.143 (1.621--2.832)      \< 0.001                1.910 (1.195--3.053)    0.007
  BMI (continuous)          0.896 (0.863--0.930)      \< 0.001                0.940 (0.882--1.002)    0.059
  Smoking history (yes)     1.004 (0.744--1.355)      0.979                   \-                      
  Tumor size (continuous)   1.013 (1.011--1.015)      \< 0.001                1.007 (1.003--1.012)    0.001
  TNM stage                                                                                           
   pT1                      1                         \-                      \-                      \-
   pT2                      7.214 (4.795--10.851)     \< 0.001                3.081 (1.585--5.989)    0.001
   pT3--4                   17.009 (12.264--23.589)   \< 0.001                4.974 (2.855--8.667)    \< 0.001
   AnyT, ≥ pN1, or cM1      34.839 (23.036--52.692)   \< 0.001                4.856 (2.132--11.061)   \< 0.001
  Fuhrman grade (G3--4)     6.979 (5.085--9.579)      \< 0.001                2.996 (1.809--4.962)    \< 0.001
  LVI (present)             6.880 (4.932--9.597)      \< 0.001                2.113 (1.340--3.332)    0.001
  Tumor histology                                                                                     
   Clear cell               1                         \-                      \-                      \-
   Papillary                0.970 (0.584--1.612)      0.907                   0.937 (0.464--1.892)    0.857
   Chromophobe              0.416 (0.196--0.883)      0.022                   0.222 (0.054--0.915)    0.037
   Miscellaneous            4.666 (3.007--7.240)      \< 0.001                1.584 (0.688--3.651)    0.280

HR = hazard ratio, CI = confidence interval, HTN = hypertension, DM = diabetes mellitus, BMI = body mass index, LVI = lymphovascular invasion.

^\*^Multivariate Cox regression analysis was used to estimate the HR with the corresponding 95% CI.

DISCUSSION
==========

The current study assessed the prognostic impact of age at diagnosis in a large, multi-institutional cohort of patients with surgically-treated RCC in Korea. Our results indicated that young age at diagnosis is closely related to favorable pathologic features and prolonged CSS; however, age was not an independent prognostic factor for CSS in RCC.

Well-known anatomical and clinicopathological features, including TNM stage, Fuhrman nuclear grade, histologic subtype, and performance status have been implicated for RCC prognosis ([@B3][@B4][@B21]). The prognostic significance of age at diagnosis was also suggested in RCC; however, there are conflicting reports about the impact of age on tumor aggressiveness or oncological outcomes in patients with RCC ([@B1][@B12][@B18][@B23]). In a surgical series of 89 patients including young adults (≤ 40 years), no significant difference in CSS was detected between the different age groups ([@B18]). Similarly, Gillett et al. ([@B23]) compared CSS rates between 124 patients aged 18--40 years and 1,067 patients aged 60--70 years, and failed to detect significant differences between the groups. However, contemporary series in the literature reported favorable histological subtypes and pathological features, and better survival rates, in young RCC patients than in older ones ([@B1][@B12][@B14][@B15][@B19][@B24][@B25][@B26]). Sánchez-Ortiz et al. ([@B12]) compared the clinicopathological features and prognosis of 106, 14--40-year-old patients with those of 145, 58--61-year-old patients. These authors found that younger patients had unfavorable histological features and a higher incidence of lymph node metastasis at presentation than older patients, whereas they showed better disease-specific survival and RFS on multivariate analysis ([@B12]). Two recent large multicenter studies that included 93 and 288 young (≤ 40 years) RCC patients reported that age is an independent prognostic factor for CSS ([@B1][@B14]). In addition, despite differences in age cut-offs and study design, other studies also noted that age is an independent predictor of CSS ([@B15][@B24][@B25]). Hakim et al. ([@B27]) postulated the underlying immunosenescence theory (progressive decline in immune function that develops with age), by which immunological alterations may account for poor survival in elderly RCC patients. This may explain the favorable histological features and better prognosis of the young age group. On the other hand, considering the unfavorable outcomes of elderly RCC patients, these patients might require more aggressive treatment and surveillance, or may be more likely to benefit from adjuvant therapy than patients with early onset RCC. Although our results were similar to those of previous studies in which RCC in young adults was more often localized and had a better prognosis than the disease in older patients ([@B1][@B14]), age was not an independent prognostic factor on multivariate analysis. This finding suggests that the favorable effect of age at diagnosis on prognosis is minimal and should not be regarded as a crucial determinant for the treatment of RCC.

Previous conflicting results may be partially explained by the small sample size or the heterogeneity of the study cohort. Current evidence of the prognostic impact of age in RCC is drawn from approximately 1,500--2,000 patients reported in the literature. To the best of our knowledge, the present study is the largest published series of young RCC patients, with the inclusion of 541 cases with early onset RCC. Detailed demographic and pathological information was available for most participating patients. Another notable finding of the present study was that patients younger than 40 years were less likely to have clear cell RCC and more likely to have translocations involving chromosome Xp11.2, which result in gene fusions involving the TFE3 (transcription factor E3) gene ([@B28]). Xp11 translocation RCC occurs predominantly in children and young adults, and accounts for approximately one-third of pediatric RCC cases ([@B29]). Although limited data are available to date, this type of RCC is believed to be rather indolent, associated with advanced stage at presentation, and associated with a poor prognosis ([@B30]). On the other hand, papillary and chromophobe RCC, which have a better outcome than conventional RCC or aggressive subtypes such as Bellini carcinomas, sarcomatoid differentiation, or nonclassified carcinomas, occur with the same frequency in the different age groups ([@B1][@B14]). Although the combined analysis of different histologic subtypes may have affected our results, the preliminary analysis did not show any differences in prognosis according to histologic subtype (data not shown). Further studies are needed to confirm whether the effect of age on prognosis differs according to histologic subtype.

Our study had several inherent weaknesses. The retrospective design of the study suggests the presence of sampling bias. Standardization of surgical techniques or practice guidelines such as adjuvant treatment and follow-up protocols was not possible because of the multi-institutional collaboration. The lack of a central pathology review may have introduced interobserver biases. Since this was a surgical series, older patients with comorbidities were not included; this could have introduced bias and our results may not be reflective of all patients with RCC. Despite these limitations, the present study is the largest population study of young RCC patients and is a nationwide multicenter study that provides a highly generalizable insight into age-specific pathological features and survival in patients with surgically-treated RCC.

In conclusion, young age at diagnosis was closely related to favorable pathologic features and prolonged CSS, although it was not an independent prognostic factor for survival in RCC. This finding suggests that the favorable effect of age at diagnosis on prognosis is minimal and should not be regarded as a crucial determinant for the treatment of RCC.
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